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The basic nuclear equation for the proton=alpha reaction is as 
follows: 
Á A-3 
#8 ٣ -Ξ E ہ د غد ږو‎ 
2 ¿ml 
This may be nede into an equality if all terms are expressed in 
either energy or mass units - energy and mass being interconvertible 


by "instein'!s squation: 


g = me? 


Q represents the amount of energy (or equivalent mass) required 
to balance the equation, and shows up as the difference between the 
kinetic energy of the resultant particles and the kinetic energy of 
the initial particles. If Q is positive the incident proton need 
not provide any kinetic energy to the reaction to mako it energeti- 
cally possible; but if 2 is negative the reaction can preceed only 
1f the proton has sufficient kinetic energy to overcome the unbal- 
ance (plus sn smount - usually small - to give notion to the center 
of mass of the system). 

This particuler resetion is for a great meny isotopes exothermic 
(that is, Q is positive), primarily because of the fact that the 
alph particle with its large mass defect is quite economical ín the 
smount of mass it carries off from the resultant nucleus. The reaction 


is particularly likely to be exothermic for odd Z, since the product 
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nucleus turns out to have even Z and epposite A - which arse krom in 
general to have a greater mass defect than the psrent nucleus. For 
a simil«r reason a terget nucleus of even Z is least likely to give 
sn exothermic reaction. 

Whereas in theory any exothermic reacticn can be produced with 
incident particles of low energy, in practice ths yield may be so 
low as to make the reaction undetectable. This is especially true 
in the case of ths proton-alpha reaction, because of the Coulomb 
potentis) barrier surreunding tharueleus. Such a barrier tends to 
keap the incident protons out and to retain alpha particles trying 
to escape, The height of this barrier is not aceurately known but 
has been estimated to be given aprroximitely by the equation(23): 


U = 0.72 x 22/3 (mew) . 
This moans that for reactions which may be induced by protens of 
energies usually available from د‎ Van de Graaff generitor, the 
height of the potential barrier exeept for very light elements is 
alwsys much greater than the energy of tho incident particle. 
Classical mechanics forbids the protons from ever existing in a region 
wnere the potential energy is greater than the total energy level, 
which faet would seen to prevent the proton from ever entering the 
nucleus. Hodern concepts of quentum mechanics, however, specify 
that the possibility does exist for the proton to be in this tra- 
ditionaliy forbidden region close to the nucleus, even though the 
potential barrier 1s higher then the energy of the proton. Analyses 
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of barrier penetration hsve been made which indicate that the possi- 
bility of perticle penetration, though small as a rule, doss increase 
as the particle energy becomes greater or the barrier height 8 
Lowered. 

Another fector which must be considered is the "sticking probsabili- 
ty" , or the chance that the proton, once in the range of nuclear 
forces, will merge with the other nucleons to become an integral pxsrt 
of the nucleus. Finally there mst be considered the probability that 
the nucleus will cast out the product partiels (in our case the alpha 
particle) befors the nucleus stabilises itself by 2 different process, 
Said particle mist be formed more er lees as an entity in the nucleus 
and penetrate the barrier in the sume juentum-mechsnical senge as the 
entering particle does. 

From the above considerations one arrives et the overall probabili- 
ty of the cecurrence of the resetion in cuestion. This may be expressed 
by the word "eross-section", which is defined as the probability that 
one incident particle, impinging on the target material having one 
nucleus per square centimeter of ares norm»l to the direction of im- 
pingement, will bring about the reaction, Under usual conditions πο 
sea that the reaction cross-section for the proton- lpha reaction will 
in general increase with proton energy. 

At so-called "resonsnee" points, sharp peaks ín the cross-section 
versus energy curve occur, which are supsrimpesed upon the general 
rising cross-section. These resonences are snalogous to resonances 


in classical oscillator systems; ‘nd one may occur where the in- 
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coming particle has just the right energy to excite an energy level 
of the resulting compound nucleus, in determination of these reso- 
nances experimentally, the conditions must be precisely and carefully 
regulated. The prediction of tie pleces shere reson neces occur is 
difficult from pure theory, since no theoretical means has been found 
to specify exactly where energy levels of the compound nuclei exist. 
Wxperimontal data is also far from complete, in a general sort of 
way it may be said, nenetheless, that as Z of a nucleus increases, 
the energy levels come in closer to the ground state energy level, 
become moro closely spaced, ond also become broader. For nuclei of 
high Z the levels are so bread and close together as to fade inte one 
another and lose their discrete quality, thus preventing observations 
of any resonances. For a value of Z in an intermediate region perhaps 
ono may detect resontiness for our reaction; and as stated previously 
there seem to be many exceptions toithe general rules outlined above 
which may pormit meh an observation, Such en observation is facili- 
tated by good energy resolution in the protons as might be expected 
from à well-regulated Van de Grasff generator. 

Another aspect of the nroton-slpha reaction in moderately hesvy 
elements is tha possibility that the alphe particle will not carry 
off all the kinetic energy available to it, but leave the resultant 
nucleus in an excited state. This requires of course that the nucleus 
has en excited state low emough that the alpha particle may still have 
sufficient energy to penetrate the potential barrier with reasonable 
probability. Usually in this case, the alphe particle emission is 
followed almost immediately (within 10-14 to 10-12 seconds) by gamma 
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emission. This is sufficiently close to be considered a coincident 
effect «nd may be measured as such since coincidence counters record 
events which ore gepareted by rs long as 10 seconds. For those 
residusl nuclei which do not hsve too low a value of Z the number of 
energy levels which may be left excited following alphe emission from 
tho compound nucleus miy be quite a fen, which gives a high probability 
of gamma emission accompanying the slpha emission. (Parity considera- 
tions my enter into the establishment of allowed gamma transitions. ) 
Directional preferences may bs displayed by the omitted particle 
(and photon, if occurring). Sinee the entering proton mey carry 
with it a certain sngular momentum, the vector of which is oriented 
at random in a plane pervendicular te the direction of motion of the 
proton beam, the cempound nucleus ag it decays to the ground state 
of the resultant nucleus may get rid of this angular momentum by 
emitting radiation in a direction which is preferentially oriented 
to the said plans. This indicates thet the detection of gamma rays, 
elthsr alone or in coincidence with theo aipha particles, mey have a 


variation with the angle of emissior, 


26 to 29, 

The metallic elements - iron, cobalt, rickel, «nd copper = are 
particularly werthy of investigation fer the proton-slpha resetion. 
They are somewhat sbove the “Light” element range, but not too far 
above to make the reaction impossible of detection using a Van de 
Graaff of 2 Mev meximua enargy. Also in this region of masses 
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resonances mny pocsibiy be detectiod and the expected energy levels of 
the residual nucleus are low enough that, gemma ray omission may be 
associated with the alpha particle emission. 

The stable isotopes of the above elements are ss follows: (25) 





Fe 26 54 5.31 
56 91.66 
57 2,20 
53 0.33 

Co 27 59 100. 

Ni 28 58 67.76 
60 26.16 
61 1.21 
62 3.66 
65 30.91 


Cobalt &nd copper isotopea have odd Z, ond therefore in general are 
more líxeiy to enter into exothermic reactions. 

It is possible shere the product nucleus is e stable isotope, whoso 
mass is known fairly accurately, to compute the value of Q on the basis 
of eyuelity of mass-energy. This gives a formula as follows: 

Q4 = (Marget ~ “product = 2.99578) x 931; 
where 2.99578 = ېلا‎ - Bine 
Using this formule where possible the following values of | are 


ebtained: (1),(2),(9),(10),(15),(16),(21), (22) 
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Target E ۸ Em Mp Q (Kev) 

+ „00035 + ¿00016 

4 28 623 623,9482 53.95063 1.64 + 3 
i zt „00045 4.00035 

Cu 29 63 2 59.94B40 Lu + 
+. .00041 + .00030 

29 65 5h. 94281 61.94822 4.50 £ .51 
+ ¿00032 + 00045 


The potential barrier height for those elements is on the order of 
6 to 7 Kev, which "ill not permit a large reaction cross-section but 
will, it is hoped, give a detectable number of reactions. 





The production and detection of the proton-slpha reaction are 
complicated by the fact that both of these particles are heavily 
ionising in matter. This mans that 1f one or the other ofthe par- 
ticles passes through matter before the finel detection, it loses its 
energy rather easily; snd for the same reason discrimination between 
the tro types of particles ie difficult as a rule, For reactions in- 
volving 5 high positive value of ود‎ these difficulties are minimized 
since the alpha particle becomes relatively penetrating nd gives a 
large ionization trace in any detection apperatus, 

The methods o? producing and deteeting the rasction tre all standard 
and orthodox, Protons are usurlly produced by ecceleretors such as 
the linear &ceelerstor or the Ven de Graaff generator, These are ac- 


9 Vua 


ore dee tte‏ سا 





να cm es MEOS). et ro? ee 
و‎ e سوه دان مرف کس اله ا ر سے ۷ ن نھن‎ 
mono? LAME ہی ہم‎ — 
— — — ες. ET A سم‎ * 
ο 
e weh ue ge Reena ااارهن)‎ Rmo eco نواس دس یی جم‎ 
— ee ۱ مس‎ e e 

sie ἐλ. ou mimar u y A NM AA Us >ے‎ 
λα سو ہے‎ Qe a سےت‎ 
BRE وم سسہوہ,‎ ο ον و نت اه‎ κο ہے اس‎ 

= Ys 








celeratod ín هع‎ vacuum ond are incident upon the target, usually a 
foil which my be coated as required. Detection of the emitted 
alpha perticles is accomplished by several mears ~ scintillation 
screens (originally counted by eye, but nox by ohotozultiplier tubes 
and associated electronic cireults), identification of tracks in a 
photographic emlsion, or by the usual type of alpha gas-filled 
counters. Alpha rey energies are usually determined by having the 
partielag puss through a magnetic ficld, such as a mgnetic spectro~ 


graph, which con sort out end provide a means of measuring tho e/m 


ratio of the charged particles pes ing through. 





The object of the design undertaken for this research hes been to 
provide an instrument which will not have the complexities in con- 
struction and use which most of the ususl ones have; but will still 
be fairly sensitive in detection and give at iesst roughly cunti- 
tative data on proton-slph reactions. The basic principle of our 
design requires that the resection occur within the counting appa- 
ratus, so that the alpha purticles have little matter to traverse 
before reaching the detection sone, The detector propar is to be a 
proportion 1 counter, with eiteched electronic diseriminater, which 
will permit septration of alpha particle pulses frem proton pulses 
in the process of counting, The particle beam is to be collimated 
to the extent necessary to cause the particles to traverse the 
sensitive region roughfly parailel to the lengitulinal axis. This 
permits maximum jonígstlon, «nd consistently-sized pulses 


-- 8 - 





1 
ظ 








مات دہ ہے مجم اھ جا و س 
لی ما ند mir var‏ ماه 






LR RR oi 1 — © ےو جم‎ 
—— سا ےہ بب وسومنسن و یہ‎ ccs od s وزی و ہے‎ 
د — ود ور سا‎ m tm په سو‎ m nr 
blue o له‎ 
دا وم‎ admin — —— — فینزدہ‎ 
σε. οἱ جا وریہ سض‎ A وہ‎ πι) Αν οὐ ali 
* پا یہ ې اه‎ dal oF, «κ nds نار‎ ll موس‎ 
Sd احفغلسم, دا ریس‎ ۲ TOT 
۱۳م ور عے ۵ د« افغانسډحا‎ ۳۴ htm de pm oe πὸ 
Pant! viia O YW TIDY mnm cni 

مو يشان سپ a‏ اتا 
بح سے سر صا رر په nm nt‏ 


یي 4ه = 













3 








for particles of similar type and energy. 

Protons are introduced at a very acute ungle Into the apparatus, 
se that the ecattering angle will be large and provide a minimum of 
the secs terod protons. The window for entry of theo protons is to be 
of a thin foil. (Bickel foil of .00005" da availible, end is stated 
to be abie to held about an ctmosphere of pressure differential over 
u hole of arenu 1 agusre centimeter.) The energy lose of Lhe proton 
beam through the foil 19 aecented, but is determinabile avd under most 
circumstances js only a small fraction of the berm energy. 





The apparatus designed and built in the prosecution of this re- 
search is shown in Figures 1 and 2. The detection device proper 
consists of four parts: (1) the connecting piece which 4s attached 
between glass insulstors at the end af the proton tube in tke mag- 
netic analysing section of the Van de Graaff generator; (2) the 
"Paraday cage" which receives the protons and collimates them in a 
narrew beam to pase through the nickel foil; (3) the reaction chamber, 
which holds the target in such a position that it may receive al the 
protons, and may emit some of its alpha particles into the counting 
chamber; and (4) the counting chamber itself, which is similar to most 
gas-filled radiation dotecting devices ~ collecting lenisation pulses 
from the particles passing through its sensitive volume via a small 
port in the raaction chamber, 

The ceormecting piece hae on it a flexible and gea-tight sy} phon 
tube which aids in Lining up ihe apparatus vith the proton beam from 
the generator. It is otherwise simply a straigit tube. The "Paraday 
cage" is so called because Farzcay originally noted the fact that such 
a hollow body hos no field on ths inside, snd it acts ar a bucket 
catching the pretense. It is placed at s positive potential with 
respect to the connecting piece in erder to minimize loss of electrons 
back-seattered from the foil as protons hit it, 

The reaction chomber is electrically, though not mechanically, 
integral with the "arsd-y eage portion. The latter may be simply 
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inserted or withdrawn from the side tube wiích holds ii, peraitting 
easy osserbly. The reaction chamber 1s designed so that the protons 
may be sent through a foil target and eventually esught behind the 
target in such 2 way thet scattering of the bombarding particles 
inte the counting chamber is highly improbable. In this may only 
preotens scattered nt the given male (150%) by the target itself 

can get to the sensitive volume. 

The port through which the particles pase is smell so ae to reduce 
the interfering proton seatter, and also te collimste the alpha par- 
ticles to the extent necessary to prevent their hitting the walls of 
the sensitive volume, This insures that all elpha perticlea of the 
game energy lesving the target will give approximately tha same ioni- 
gatien in the counter. 

fhe reaction section (including the Faradsy cage) is insulated fror 
tha remsinder of the apparatus. This permits it to be asintained at a 
voltsga level sbove ita adjacent perts. As indicated above, this helps 
retein eny electrons emitted by cherged particles striking eny pert of 
the apparatus, This is necessary in order to conserve the charge on 
this part, for the reaction chamber is attached electrically to a cur- 
rent integrator of seme sensitivity which counts the charge sccumulcted 
in the proten bombardment. This gives a measurement cf the flux of 
protons, 

The counter is opersted in the proportionsl regien, Jt hua valved 
side ports which #re required for gas filling and for the mercury mino- 
meter hose connection, Any pressure of gas desirable (within limits 
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imposed by frigility of the proton window, voltage on the central vire, 
etc.) my be admitted, Yultiple comections are provided so that gas 
mixtures muy be used, 

A vaeouum heee is provided between the counter chamber and the con- 
necting pieee which permits placing the vaewm simultaneously on all 
parte of ihe apparatus when the valves are sil open. The vacuum may 
be provided by a mechanical pump er by the pumping amperakus of Ihe 
Van de Orsaff generator itself when ln actuul operation., fier the 
vacuum is obtsinsed, then tha valve in the connecting hoege is closed, 


and the counter may be filled as rewired with the proper gases, 





The eleetroniec parts of the apparatus, though more or less standard 
for proportional type counters, were selected especially for the pro- 
Jeet at hand, and my therefore deserve * brief description, 

Thea central wire of the counter (5—si1 nickel wiro) receives its 
high positivo voltage (around 500 to 1000 velts) from a special power 
souree obtuined from Nuclear instrument and Chemical Corporutlon. It 
is Kodei 1090 5000-7. Regulated Power Supply. It can give positive or 
negative voltage from zero to maximum value, “nd is regulated to within 
0.02% of output voltage. 

the pulse of currant associístod with electron collection on the 
central wire and positive ion movement goes to a cathode follower, 
especially designed to have a time constant on the order of a miero- 
second, permitting "ulte rapid recovery of the counter, The follower 


hes no amplification but provides enoush power to orevent díminution 
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in the transmission of the ifipulse to the remeinder of the circuit, 

The signal is picked up by a linser emplifier and discriminestor, 
the tomie instrument Company's Linear amplifier, Model 204-8. This 
amplifier is able to recover very quickly from input signals. 1t 
may be set fer rise tiwes of 0.2, 0.3, or 5.0 micreseconds, eith sig- 
nal decay times on the order of five times the rise ties. Variabie 
سی مات‎ is provided ~ from 1 to 64. 4 diserimination 
cireuit may be cut in ew desired. The diseriminstion permite cutting 
out of all signals below s certain set level. Ths diseriminator 
section sends out 1 microsecond, l0-velt pulses rerardiess of the 
strength er duration of tne incoming pulse, 

The output of ihe discrizin tor is sent to e scaler circuit of 
standard tyne. The one used hare is the utoscs.cr sold by Tracer- 
ich, Inc. it has a timer mechanism which allos, if desired, suto- 
matie cut-off ufter » pre-set number of courts fram 2 to 4096 (by 
powers of 2). 

The whole assembly ig mounted in a movabie steel rack, with wire 
mesh penal sides for ehielding purposes, and a similar type removable 
cover, This is to minimize stray signal pick-up from «ull other elec- 


trie spparatus in the vicinity. 





The window is a niekol foil, 0.00005" thick, plated on a copper 
backing about 20 times as thick. The foil ws manufsetursd so ıs to 
be Pres of pin-holes, and te be of a very even thickness, Further- 
more, since ii can withstand an atmosphere of preesure scroges ود‎ 


0 








ári ها کات‎ ym 
ορ.” 
۱ me od dee oh ol idm م سے‎ — — 
— ὦ λῶν ete — —— — — —— 
سعلو سیئا — —— —— وي‎ 
— — « . (om c 
ا1 یا‎ nen actum dins ibo udin 
هيده‎ LL 
Ce» rum ο... 
iss نه لاس‎ amem: atw 











۱ ای و i d‏ 
سب ام وم« وام dd "AS AA‏ بدا > مہب 
yet‏ لم د تې مر نورل ہف سذ یپ نبا "eom‏ 
ήν πη‏ سي نا بو يه هذى دسب سم #640 سود ھم 

ως‏ مت niano © “a! aes U‏ ووو ووه ې 


- UL o 


area of 1 square centimeter, aceerding to the manufecturer, it is strong 
enough for our use, as it has to cover a hole of somewhat less area and 
is not expected to withstand more then 400 mmilg of nressure. In moun- 
ting tho foil window, the follosing procedure was usod: glyptol was 
placed on the end of the Faraday cage tube, allowed to dry slightly to 
& maxima stickinees; the foil ws then laid on carefully (nickel side 
on the glyptol) and gently but firmly pressed on, ¿fter a short drying 
period, the foil was trimied around the sdg»s and further glyptol ap- 
plied at this circumference. After complete drying of all the glyptol 
the tuba (also protected by a painting of glyptel) was hung, foil side 
down, in a mixture of Hi. trichleroacatic acid and concentrated aamo- 
nium hydroxide (49%) in anproximsts ratio of two to one. This disselves 
the copper in the form of a solubles copper complex ion, and leaves the 


nickel foil intact, 


+ 


, or 
The spacing irsulators betwcen the sections are mide of lucite, 
These sre rendered gas-tight in the assembly by O-rings, placed in 
grooves machined correspendingiy in the lucite and adjacent metal 
sections, The lucite insulators are drilled for screws te pass through, 
and they are connected at the periphery ulternataly to the metal 
sections on sither side, ‘hen the nuts are tig bened on the screws, 
bending stresses vould be put on the insul+tera; ond for this reason 
brass snnulsr flat rings were inserted in spaces cut out in the lucite 
to take the bending stresses. (Lucite alere, it was found, is rather 
flexible up to a point, «nd then cracks rether easily under teneile 
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The center wire electrode of the counter is heid at the interior 
end by a small bull of seft solder, ahich hos beon formed in a glass 
bulb formed at tha end of à elosed cspillury tube, This arrangement 
not on.y holds the wire but forms a guard ring fer tha wire preventing 
warping ef the electric field in the avalenchio region al the end of 
tho sensitive region, and providing a sudden discontiruity in the sen- 
sitive region ef the counter, The glass rod is painted with a metal 
coating to provide this guurd shield, The other end of the wire is 
led through a Stupskoff saal with hollow electrode, which also provides 
a guard ring. The caphenol conneetor is provided Lo soren directly 


ento the male connector of tne oreamplifier. 


ΝΕΟ ΤΗ 

Almost any type of fas my ba used in preportienal counters, For 
best results it is best to avoid any molecules of fas which have a 
high probsebiiity of cspturing electrons and forming negetive ions. 
Such gases are oxygen and ester vapor. Therefore out-pue: ing of the 
eamter by prolonred exposure to a vscuum and by heat is desirable. 
The gases used should be able to stop energetic charred particles at 
tha pressures contemplated, ond for the purpose the heavier noble 
E ses are quite appropriate. A mixture of Argon (99,6% pure) with 
carbon-dioxide, in proportien of 90-10 was cersidered suiteble for 
use throughout. this perticular mixturs is favorebly reperted (24) 
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to provide high electron drift velocities and to provide less cepen- 


dence of multiplication on voltage. 








The ineidert uretons from the Yan de Graaff gersrater nass through 
tha thin niekol windon, and in the seettering procens pess through a 
eertain amount of tha tarpat material and possibly through any backing 
plate the target material my require. The alpha particle to be de- 
tected must pases through 8 pertion of the target, the amount depending 
on the Location of the emitting nucleus in the foil. It therefore be- 
comes nececssry in order to obtain quantitative results to know the 
stepping rower, cr energy lose, to be expected in these media for ths 
two types of purticles. 

The theory of stopping power hss been developed by Bohr, Bloch, 
Bathe, ond others, (3), (5), (6), (7) The theoretical formulae de- 
rived give results which cre in excellent agreement with experiment 
fer the case of high energy, positively charged particles nasiing 
threuch matter of lew stomie number. For media ef higher atomic 
number the formulee remiire some rether complex corrections, the 
details of which have not been completely worked eut. Fer incident 
particles ef low energy, which my heve fluctuations in Lye chores 
because of er pture and los” ef electrons, the theoretical results 
are quite invalic snd eniy experiment can give easatisfectery ۰. 

Fortunately Rethe (3) has drawn un curves of stooping power of 
certain substances for protons and alphe particles sawed on beth 
theory and experiment for all energy valuns in wich τὰ ere interested. 
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Likewise there is availeble some experimental data un relative stoep- 
ping power which 411 permit ásteramin tion of stepping power cf the 
particular elements in which we are interested by judicious interpo- 
lation and extrapolation, re will msko use of this method, und check 
it by a few exlculstions involving Bethea's lormula for absolute de- 
termination of stopping power, 

Stopping power ie defined as ihe redugiion in perticle energy per 
unit length of particle travel through the stepping medium. It is 
oxpressed ns ~ (dE/dx). atomic stopping power, O , is defined as 
the energy losy per unit length ef path divided by the number of atoms 


per unit eube of matter, ‘hat ie, 
σ «-ᾱ- (M/A) . 


Figure 3 gives Bethe's curves for atomic stepping power for protons 
and alpha particles of energies in the range of interest to us, passing 
through air. (Figure 31, Bethe and Livingston, 1937). 

Relative atomic stopping power may be found by usa o? a theoretical 


formula obtained from the stopping power formula (see below), end 
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effective atomie number cf medium. 
effective atomic number cf air 

mass of electron 

velecity of purticia, 

everuge ionization petential of medium, 
aversge ionization potential of air. 


given am: 
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There are also avnilüible good experimental data in moverate energy 
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ranges. Figure 4 showa the curves plotted from experimental data, A 
Linear plot is given by Siri for pretens. (Figure 17, Siri, 1949). 
However, the plot mado herein 1s on + semi-lofarithmic besis to 
straighten out the curves a little st law erargies and permit better 
extrapelstien in thet direction. In making this extraneletion fer 
very low energies, wo mke the curves tend toward a value of unity et 
zero energy. The reasen for this is apparent, Bethe end othershave 
netos that electron exeitution by a passing charged portícle is very 
improbable if dew” ¿is small compared to the ¿onizstion potertisl of 
the electron concerned. Thus as particle energy \screnses it is less 
able te excite inner clectrone of the stepping medium, such effect 
appearing scorefor media of higher etumic number as compared to lower. 
ln eomparing the stooping power of twe media, the above effect tends 
to emalise the number of effective electrons per atom of the substances 
compared. At very lew energies wherein the o rticle "^s lovi it 
charge, or part of its charge, a theoratical ralysis of the relative 
atomie stoping power 1s difficult to make, but exorrimentsl date 
using light elements hos indiested that the trerd cortinues towrd a 
vaiue o? unity. (Figura 37, Reference 3) 

For any madium ther, of given atomic number, ono may interpolate 
in Figure 4 fer the v^lue of y, and determines stop Ang power by come 


gating: 





(dE/dx) = 9 ۰ Naadigm . (ἐπ/άκ) ۰ 
5 ar 


modium N air 


Values of k ere tábulated in Table 1, aprendes; and step ring power af 
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nickel and argon (diluted 10% with ος |) for alpha particles ind protens 
are computed and tebulated in Table II. 

For £ theoretical check on the above results, Bethe's formula (3), 
which ís perhaps the most widely accepted, will ba used, The basic 


formula (non-relativistic) is: 


Are و 8 . للت‎ wiere 
- (83/dx) = 


my- 


Z ln (2w?/1) 

stopping number 

cherge number cf prriicle 
atomic number of med ram 
ejactronic charge 


amen a 9 
۷ 1 "ou ۵ 


Other terms have been previously defined, 


The values of J have been determired experimentally by Mano and are 





recorded in Table 1. (19) A theeretieal approach by Bloch and um 
empericsl analysis of Filson show that I can be given as 11,5 Z, in 
good agreement wi'h experiment except for high values of Z. (5), (27) 

As previously noted, this formula is valid only for particles of 
high velecity. Tor Low energy particles no valid theoretical formula 
has yet been obtained. Tor moderate energies the formula may be modi- 
fled to give correct results. This modification is to take account of 
the reduced contribution of inner eleetrons of the medium in slowing 
down the particle when the latter's velocity is such as to make buy” 
equal or less than the ionization potential of these electrons. 

There are two possible ways of doing this, Cre method, evolved in 
some detail by Bethe, reyuires analytical determinetion of the reduced 


centributions of the electrons in the K and higher shelle. (3),(24) 
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This method is suite complex, An alternate method of using the 
original formula, with Z and | used as perameters so as to make 
theory agree with experiment, 4s sufficiently accurate for our 
purposes. (11), (3) 

Table III gives the tabulated computations of this check on the 
results for nickel. The results of the calculations shown in Tables 
Ii and III are seen to agree well excopt for low energies where the 
theoretical approach 18 not as accurate. 

The data from Table II is used to obtain ths energy less of alpha 
portieles and protons passing through the .05 mil nickel fell which 
is used es a window fer the protens and slse es 2 pessible target fer 
the reaction. In computing the curves for alpha particles of Low 
energy it may be noted thet the thickness of the foil is large com- 
pared to the range of the psrtíclos; and therefore it is more eccu- 
rate to divide the foil inte ten sheets cf .005 mil thickness, end 
use a step-by-step procedure for computing energ: changes of the 
particle passing through successive aheetsa. The results of the con- 
putations are shown in Table IV; end the energy loss curves ore 
graphed in Figure 4. 

it is also necessary to compute the energy loss of the protons as 
they pasa threugh the 1.75 em of filling gas between the window and 
target. Table II gives the data for a centimeter of gaa at Atmo- 
spheric pressure. Tor the ziven distanes and any other pressure, the 
loss equals 

(Énergy loss/em/almosphere)*(1.75)* (Press, in atmospheres), 
+ nh - 
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The results of thís computation for verious vressures are given in 
Table V. 

in all cases of slowing or stopping of charged particles in passage 
through matter the answers provided for range or stopping power at best 
represent only an average, since the stopping process is statistical 
in nature, It is therefore of value,in the cases we ara interested in, 
to obtain the standard deviation from the mean energy losses hitherto 
computed, 

The status of the straggling theory is even loss well-defined than 
the theory of stepping poxer. Again the theory is best for high speed 
particles passing through light media. The cases of interest to us - 
f:irly slow particles through somewhat heavy media - have not received 
good thecretieal foundations. Bohr (7) gives a formule which he states 
is not very accurate for heavier atoms, but which can at least give the 
correct order of magnitude of the straggling, The stendard deviation 
from the mean of energy loss ef a charged particle through matter is 
given by the following formla (rearranged according te Warsden and 


Verkateswarlu (20)): 


oí, Amat. τῷ 


5 K 7 و‎ 48 
{1 = standarda deviation in emergy loss (ergs) 
M = weight of particle (g.) 
t * thickness of stopping medium (g/cm) 
Á = atomic weight of stopping medium 
Ze © atomic number of stopping medium 


- © = 
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To find the straggling of tho protons in persing through the «window 
foil we note that 0.05 mil of nickel is equivalent to 1.13 mg/cm”. 
Then by substitution of standard data in tha formul: we sees tist: 

(à x 2.16 x 190716 erga? 4 
= 0.84 x 107% 2 
E! = 0,0092 Mev. 
As this result cannot ba considered very accurate, we can conclude only 
that the straggling devintion is on the order of 0.01 Kev for the pro- 
tens through the nickel foil, 

Por alpha particles through the foil, we my note that both munera- 
ter and denominator are multiplied by a factor of four; and again © 
find that straggling deviation ís on ths order of 0.01 bov, 

For protone passing through tha filling gas, we nete that 1 centi- 
meter of the gas at atmospheric pressure io equivalent to about 
1,8 x 107? g/ erf. For 1.75 centiretors of the gas at various 


pressuros we therefore find thet the thicknese in g/ ci e uals 


3.15 x 10” x P (atmospheres). 


سخ 


Substitution in the abeve formule "ill give N ges; and the total 
4 
devistien for window foil and gas equals JO gg * eo ° 


Both ϱ. gas 4 are calculated and Listed in Table YI. It 


tetal 
will be noted that in 211 cases of interest herein, the Lotel standard 


deviation for protens is still on the order ef 0,01 Wet. 


Be Ranges. 
In theory, ranges of charged particles can be computed by integre- 
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tion of the stopping porer formula (or tabulated data), 


R s "۸ A | 4 
0 πα dx) 

Any ineeeuracies in the stepping power fermul» er data will give cor- 
responding errors in the range cemputetions, The statistical devia- 
tions in stepping pewer will slso provide straggiing in range. Tor 
particles of moderate initial energies there are experimental data 
which may be used to cheek the thecreticsl computations. Range curves 
have been computed (3),(24) fer various materials based on both theo~ 
retical and experimertal considerations, which we may use (at least in 
part) fer determination of the ranges of perticles in the filling gas 
at various pressures, 

Table VII gives the cata on which our curves are based. It may be 
noted that the gas considered is mure Argon, as the presence of 10% of 
202 ie not conaidered to have an effect commereble to the uncertainty 
in the correctness of the basic data, For comparison of the ranges of 


proteng and alphe particles we make use of the formmla (4),(3): 
Rp = 1.0072 8 - 0.20 (em) و‎ 


where tho protons and *lpha partíclss comparsi hive the sime velecity. 
in comparing dats for ranges in argon (nd sir, we determine the 

relative ranges in the two gasos, and note hor Vie ratio seems to 

espreach a value close to unity fer the higher range ef energy in 


which we ars interested. 
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The range curves are plotted in Figures 5 and 6, 





In the selection of values of the experimental variables (such es 
gas preseure) one of ihe factors to be known is the specific ioniga- 
tion of each of the particles passing threugh the sensitive volume of 
the counter. Precise data is not needed, ond therefore it is not 
considered necessary to present the Bragg curves of fonepairs per 
centimeter throughout the length of path. Suffice it to say thet 
fer moderate and high energies the alpha particle has a specific 
ionization betwsen 20,000 and 30,000 ion-pairs per centimeter in air 
at atmospheric pressure; and as energy is lost this figure increases 
until at sbout 0.4 centimeters before Ge end of the path the specific 
ionization is between 60,000 end 70,000. For protons the specific 
ionization is about 1/4 that of the alphas particle at higher energies, 
and about 1/3 ut the point of maximum ionization. (14), (25) 

The above data may be applied roughly to the filling gas used. The 
mean ionization energy of argon is sbout 22% less than that of air (23), 
which fact would iíndíeste en increased numer o? total ions produced 
for psrticlos ef the same energy. “owever, the longer range of par- 
ticles in argon tends to keep specific ionization roughly the sans as 


in air, 


eating bffects,‏ ونا 
Almost all of the energy lost in the stopping or slowing of particles‏ 
(at energies of interest. here) appears in the form of heat, The materi-‏ 
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al which finally stops the partiele beans is of sufficient mass Lo 
carry off thdis neat without undue trouble. However, tho foils 
constituting the proton window and possibly the target are quite thin; 
nd it is desirable to calaulate the hesting e^fects appearing here, 
As the foils are simil r in both pirces 4 e leulatíon for the window 
will de for beth. 

Consider the window as a thin dise of diameter 0.5 om, thicimess 
0.000127 em, with ite cireumferentisl boundary attached to an infinite 
end perfect absorber of heat which remaíns at room temperature. For 
computational purposes a sume that protons ef 1 Eev energy pass through, 
in amount represented by 1 microampere of current. At this energy the 
foil should absorb ebout 14.5% of the beam energy, or 0.145 watts. The 


heat flew equation without. sources is (26): 


ky‏ = شه 
ὸ Ὁ ep Y e (1)‏ 


the heat flow e;uation with source is: 


Fa Eek)‏ ل 
ΠΑΟ Pe 4 (2)‏ 9 


—— (cal /em-sec-dazres) 
speeific heat ۳ al ο 
density 

tanpernture سنا‎ 

strength of source BE) o, 


k 
e 
4 
1 
Ense le ‘e@sume that heat from proton energy loss is applied uni- 
1 087 to foil, 
ihe steady-state solution is what we are interested in; therefore 


we take (du/t) = 0. e then get 
"e 26 = 











C Aer In ge se ν 
کت ' تو ې‎ - — 


— — سم مر P"‏ 








οσα‏ امه ا اس جوم ودنہ em‏ کس تی رت ہو 
De ۶۸ ۷‏ 
fT‏ حفہد ےنم رسس چو A dumm‏ 
ο. γιο.‏ مر تع im‏ . 
- - 








Vutk= 0, werk = f/k ۱ (2) 
For the symmetrical condition. here, we can take u as a function of 
r only. Then 
(1/r)e(du/är) + (d?u/dr?) +K = 0 ۱ (4) 
If we let p = (du/dr), the equition ia easily solvable since it can 
be made into an exact integral, to give: 
pr tik? = 0) ٠ (5) 
For a boundary condition we can use the fact that p = O when r e 2. 
This gives us that 01 is zero, so that | 
r(ptlär) * o 1 )6( 
Ye may erncel out r, snd replace p by du/dr, giving sn easily sol- 
voblo equation 58 follows: 
û = و6‎ - 1 . (7) 
Another boundary condition is thatu = T when r = R} where T is 
room temperature, undi is radius of the feil, 
This gives 


٩ 
T t AKR" 9 (6) 


si 


62 


Then 


ti 


u f+ @ _ r?) : (9) 
"e know that Uagx occurs whero r = 0, therefore 
Unex = TFE(LRL Y). (10) 
If ¥ = total energy absorbed per second by the foil, 
£ = "IRA , and (11) 
Umax = T+ (0/471 kt) e 
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For nickel, k = 30 Btu/hr-ft-dogreer = ,519 watta/cr=degreel 
We my use watts instead of eal/sec, since thin unit cencels out, 
when e use Y in watts, 
Substituting given data, then, we find trat 
Umax = 25° +175% = 200% , (12) 
Note tuat this is independent of E, 


Casa Il, Assume thet the hest fran the proton energy loss is applied 
to a spot in the center of the foil, 1/64" in diameter. 
The foil my be divided into ὑπο regions: 
^y. in region (Y) 4 O € r & & | 
In region G) à © F @ R 3 where in our problem 
å is 1/123" and R 180.1 . 
In region (1) the equation with source apolies and we amy start from 
ermation (7): 
uy 2 C, - . (13) 
in region @ne source is present and we start from equatim (5) 
with X equal to zero: 
Por = (4 ۰ (14) 
Replacing py by du/dr and solving we obtain: 
وتا‎ = Gin Cyr. (15) 
Te have the following boundary condition: 
then r = R, u = j 
دا‎ = f, جنا‎ = Up و‎ 
vr = a, duj/de e duo/dr . 
If we substitute these conditions in equations (153) end (15), we 


obtain three equations whieh can be solved símultanecusly to find the 
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three constante of integration. This gives: 


σι 5 Ka ۰ (16) 

-(21/Ka? 
64 = 0 7 y Ὁ (17) 
Ca = Hair - Ma? In (aM) - (18) 

Substituting fer C, ín equation (13), we obtain: 

wy * ik(a?-r9)-T = fea? in (ας). (19) 

às before, Un οσους "han Po x , 
Wa 5 T+ (1b inB) و‎ (29) 

= T+ LALLA in (Wal) 

T4 یں‎ ۰ (21) 


Subetituting rumeriesl values in this exquetion, ۸ 


٤ے‎ * 25% + ۸0۵06 = 425% (22) 


The actual condition sxpected to be encountered ís somewhere be- 
tween the cases I end lI, which sey be considered extremos, Oase II 
is probably closer to actual conditions. We con sea that the tern 
perature rise is appreciable but not yet close to the melting point 
of the nickel (14529 C). 





Sinee diserimination against scattered orotons ie one cf the most 
important functions of the &paratus herein devised, it is necessery 
to gst a quantitative picture of proton flux which can be expected to 
pess through the counter under usual onerstirs conäitlens, The scatter- 
er is the nickol target foil, and the geometry &s narrowed by the fact 


σα u 
that & scattered proton must go through the -1/16*7 hole in the rehction 
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chamber in order to get into the counter proper, 

Asa pepregentstive case it will be assumed that l mioroazpere of 
protons hits the target fcil ind is sonttered at a laborstery *njle 
of 1509, and with m energy of 1 ler, 

In the center-of-mass system, the sestiering angle my be given by 


the following formula, derivable from simple classical eenaliderations: 


@ + aresin E ٭‎ 
1 


1509 29,3! 


e 


Similarly, in tke center-of-mass system, ons finds inet the energy of 


the incident proton. 
ویر‎ 
E = le ms 
پا‎ p 
= 0.983 Mev. 


The velocity of the proton st this energy is 1.57 x 10? cm/sec. 


The reduced mass cquaie: 
X = — 
M^ و‎ 
= 1.645 x 1075 grams. 


Rutherford's seattering fermila is as follow: 


(6405 n | 9-8 τ i cosec^ (9/2)-a [] 
n ne t E u^ < . 


The number o? incident pertieles per second, n,, le the number of 
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electronic charges to give onc micrecoulesb. This number is 6.24 x 107°, 


Substitution of above deta cnd known physics! const:nts into the 
formula, we get. for Rutherford scx tering of the pretons by the nickel 
foil: 

n(9) = 9,14 x 107 per steredisn per seeord. 
The solid angle presented 2-usl3; 


63 = 





(Dist. from target te د(‎ 


= 1/2580 
Therefore the wamber of protons passing into the counter proper 
2 7 35, $00 
= 9.14 x 10'/ 2480 = 433 707 


In sentteríng cases, one must at times oxpect deviations fram 





ole)? 


per second. 


Rutherford's formul:, Duch are not always easy to predict; but in 
thís ease we feel some confidence in the above results bectuse the 
energy of the incident proton is much less tien the expected height 
of the potentinl barrier. Use mey else be made of the theoretical 
criteria developed by Behr (7). To do this two paramsters must be 
computed: 
X < ANI eE = 8.9 
ny 
ے‎ 223 gh سی = و"‎ 
v? V 


When X is greater than |, ond Bis less than 1, it. means thet the 





"collision dirmeter” is smaller than the electronic radius, but 
lergar than the diBroglie wve-length of the proton. Under these 
eireunstarces Bohr decleres that classical eorsíiderations ore valid 
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One ef the great advantages to this apparatus is its flexibility. 
It is easily assembled and disassembied, which „ill permit replace- 
ment of a portion by ^ medified piees if desired.  "urthermore, it 
is capable of giving rough quantitative data for almost every 58psct 
ef & proton-«lph* reaction  - cross-section, energy of reaction, 
renge of seattereod protons znd esitted slnhs pzrticles. 1% 4s also 
suited to being wut orto © coineidence cireuit which will enable 
coincidences between 119 perticlee and possibla gamma rays to be 
detected, And Finally, the annarstus mey ba useful for other experi- 


ments besides the ona for which it is originally interded. 





As can bs sean from preceding sections, the Min difficulty te be 
overcome is the Aisceriminatien of alpha particles ap inst the protons, 
Sinees wo can expect several thousand rrotens per second through the 
solid angle subtended by the entrances port, this is quite 5» problem. 
és wo heave seen, l microanpera cf proton current will give 35,000 
protons per secon through the sensitive volume, Such s flux would 
probably saturate the counter and weyent counting altorether of 
alph- particles, or at least serionsly vary the multiplication factor 
οὐ the proportional counter. Since it takes about 100 mieroseconda 
to sweep sway the positive ions from the Townsend avalanche (24), it 
would be mors desireble to keep the proton flux dom to » figure of, 
say, 4000 per secend, This would require s protor besa incident on 
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the target foil ef 9,1 micronaperss., it is desirable, however, to 
=a lpha re- 
keting element, using various protor beam strengths Lo detormine 


check the operation of the inetrument with è inos 





¿ust how high ore can go without seriously hamperinr alpha oounting, 

A lower protor flux lso aids in lowering the statistical probabili- 
ty of random superposition of two or more proten nuisos which moy be 
confused with an slph* miles, ÍF we assume for the sake of discussion 
that pulses pyramid if they oceur within 1 microsecond of ene another, 
the probsbility of the oceurrenee in one second of the pyramiding of 


n pelses (where the average counting rate ia N per second) is 


B nei 
6 ۰ 


To get an idea of the order of mepnitude in our case, 53sums that N 


annroximotaly: 


is 4000, Then ws could exneet that a double preten pulse nes 4 
probability of 1/250 of occurring in l seeond; a triple pulse hes 
only 1 ehanee in 62500; snd higher orders sre rige ¿o piek 

a worse Cage, suppose thet A is 10,000 and that pulse tima is to 

be 5 microseconds, Than nur probability besomas (1/ a yl . Thus 
double pulsss can be exnsceted once every 20 seconds on the average; 
triple pulses ence every 400 seconda; ond juedruple mulses ance every 
8000 seconds. This factor is thus seen not to be serious if pre- 
cautions aro taken; but it still must be seconnted fer when analysis 
is made of resulte, 


The mein orecenticn te be taken is to ane thst the aparatos is 
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used in such a way us to minimigs the effect of pyramiding. The use 
of low proton fiuxes and short reselving time hes been menticned, 
This cannot always be sccomplished as mere paramount considapetions 
may apply. Another wy to help the situation is to regulate the 
pressure of the counter ges so that a meximum ratio of alpha ioni- 
zation to proton ionization is obtained. If the scóttered protons 
have a longer range than the expected alpha particles, it weuld be 
woll to make the pressure of the gas rather low permitting the most 
energetic alnh» particles to traverse most. οἳ the sensitive volume 
while the protons pass beyond and expend most of their energy in the 
counter walls. Cn the other hand, for proten ranges shorter than the 
۵12۳8 particle ranges, it is suite simple to inerease the pressure te 
stop the protons just before reaching the sensitive volume while let- 
ting alpha particles into the zone. By this means one ehould usually 
be able to prevent any sppreciable chance of counting pyramided proton 
pulses as on alpha pulse. 

It is desirable, 1۲ difficulties with discrimination cre not ex- 
pected, to make the pressure such ès to step the alpha particles just 
short of the end of the sensitive voluse, This gives the maximum 
pulse size, permita detection of the greatest number of different alpha 
energies, and minimizes the effect o^ stroggliny. 

After selection of the gas pressure, ihe voltage must bae chosen for 
the central ele:trade from curves of multiplichtion versus voltage for 
the specific pressure selected. This multiplication factor sheuld be 
on the order of several hundred. Teo high on amplification puts one 
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in the limited proportionality region, making diserimination more dif- 
ficult. On the other hand if we use a short resclving time for which 
the instrument is designed, we pat a smaller pulse heights; ¿nd the 
multiplication factor must be kept fairly large to overcome this effect. 


The multiplication factor should net be placed below 100 unlzss un- 
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The reeetion cross-section is easily computed, in theery st least, 
The number of protons per second is ersily determined by accumulating 
their charge in the reacter section tcd measuring it in the current 
integrator attached electrically thereto. In practice this 1g subject 
to certein errors which sre not easily ceaterminsble, but con be sini- 
mized. Protons which hit the side ef the Taradny care are measured 
even though they do rot hit the target. £150 protons moy cause 
secondary emission of electrens as they hit the sides of the agrerttus. 
The first effect mer be minimised by colliastiing the preten beam well 
before it enters the cage; the second, by placing the Faradey cages and 
the reaction chamber at a positive potential vith respect to adjacent 
pieces to draw back most of the electrons ejected by proten collisions, 

The number of alohs particles ejected cen be determined actusily 
only ín the direction of the counting apparstus. Jf ejection is ran- 
dom in dirsetien then the total emission is determinable from the 
geometry of the entering pert. Or the other hand, if directicmil 
effects are oecssioned we can detorrine renction cross-section oniy 
for the given angles of emission. To get complete reactien cross- 


و 


o 35.5 





νη... io Lae A نم‎ 1 eres vinti 
δι ناد اه‎ airm e a ALLA وموم وونوی‎ 





E e 0‏ نه mt‏ ہہ بہ مد 
ANO --‏ لد run anim — — ٢‏ 
un‏ اس د مس اد داد ای ابد e o‏ ټس 
dade qeu.‏ — —— 
وې wá een‏ نی هوي نا 
rm ed TN MET‏ ده dr‏ ان LL‏ 
می ke mábl lum erg‏ یو انرسيو 
A AN‏ سب سا 
— موم دا ولسو Me mn Nm dr‏ 
de‏ پل y cl‏ صصح Amin N‏ او يده -an i amp V‏ 
شم یہ e A?‏ ر رر wm mM) ehe + mm‏ 
ې د بو جب مدس مج > ech au‏ حم (micas li‏ 
uus — — — 2 mets‏ ہو نے Lim MÁ‏ 
er >d o‏ سر کچ - 17 مهه mPp Miage him‏ 
«- لله بت 





section, the directional effects would have to be determined. Όο- 


incidence snalysis of gsmga radidion may help in this regerd. 





It is ebviéus that cross-section for proton seattering c'n easily 
be determined from the proten counts in the chamber. Beam currents 
may bs cut down to whatever intensity necessary to prevent "drowning" 
ef the counter, The volues obtained are of course applicable cniy to 


the particular angle of the apparatus. 
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The mesn range of the alpha particles may be obtained roughly by 
use of a osthode ray oscilloscope connacted to the amplificatien out- 
put of the amplifier-discriminstor, so that the maximum pulse height 
may be observed. it my be noted that if the initial measurements 
are made with the gas pressure adjusted to stop the alpha particles 
within the sensitive volume, then additionel runu my be made with 
pressures decreased in successive increments, At a certain pressure, 
then, the alphs particles 111 begin to pass beyond the sensitive 
volume; and 2 rather sudden diminishing in pulse size should be ex- 
pected. (This is due to the fact that meximm ionization occurs 
shortly before the end of the path of the particle.) If we knew 
the pressure at which this effect sturts, then we may go the range- 
energy curves for the filling gas (adjusted for the retio of gas 
Filling pressure to atmospheric pressure) to fínd the energy. Con- 
version from laboratory to center-of-mass coordinates is accomplished 
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by the usual methods; although fer moderately heavy clements, the 
correction is probably less thin the experiee:tal error in this 
method. 

lt is possible to reverse the procedure, und incresse the gas 
pressure until the alpha particles can ne longer resch tne sensitive 


volume; but this effect nill probably net give as groat accuracy as 


the pne described above. 





The coincidercs possibilities gre easily understood an: have been 
previously indicated. ‘ne output ef the ciserimin tor is a puimation =- 
each pulse of lO volts in sise and 1 mícrosecono in curation. This 
permits discriminetien within an interwel ef that order. „pparatus 
for ganm meagurement and coincicance ceunting are not a part of this 
thesis. The target is located in such د‎ plico on our apperatus as to 
facilitate placement of the game counter tube al almost 411 "nglos 
with respect to said target and the direction cf the proten beam. 

lt should be noted that in making ecíncióde:co measuremints ona 
must aecount fer the random ceincidences wich are possible due to 
two min causes: (1) a true i pulse from one counter slong with δ 
random background count on the other; (2) ® chence coincidence between 


an alpha particle ejected from one nucleus and a garma ray emitted 


from another at ¿ho same time, 
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particles 2nd measurements con be made símltanecusly nith or ineedi- 
ately sfter bombardment, an excellent means is provided for study af 
half-lives of certain isotopes which decay so rapidly es to nrevent 
tke usual method of study by bombardment and subseque t removal to a 
counting apparatus.  1t may be possible to fird an isotope of 5 few 
seconds’ half-life which could be measured immed ately after bombard- 
ment and which could be produced by a proton or deuteron capture. 
This is not the fundamental use for which the apparatus ís devised; 


but with slight modification it may be used so. 
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. In operation of the counter tube in the proportional rerien it is 
desirable to knoe the counter smpiificetion feeter, !"c^ reacons giveh 
hitherto, Korff (17) has developed a theoretiesl formule for this 
factor, which .epends on the following parameters: Sises of the central 
electrode; emplification threshold voltege; operating voltage; capacity 
of the counter tube; number cf atome per cubie centimeter ofthe filling 
gas; end a facter related to jonivation eress-seetien of the gas. This 
formula has several defects from a practices] point of view: (a) the 
curva of smplification versus applied volvege muy begin with a rather 
gentle slope, so that the threshold veltege for amplifiestion is diffi- 
cult to adjudge; (B) the capacity of the counter is not easily deter- 
mined when irregularities of the tubs ars considered; and (e) the 
ionization crese-sections of only £ few elemental gases are knom with 
any precision. Fer eur purposes the last defect 1§ particulardly im- 
portent, since se ere using a mixture of fases, 

The asplification fector for the conter tube mey however be obtained 
readily by experiment for any specific set-up according to a procedure 
outlined by Rossi md Staub (24). This technijme wes used by us end 
is outlined 5s follows: 

à polonium source, obtained by evaporation of a radioactive solution 
on 4 tantalum disc, was insweted in the target section. The counter 
wes filled with the proper mixture of gases with the resuired pressure, 
and then it was put into operation. 
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The output of the ampliflestion sectien of the Linear amplifier ws 
connected to & cathode-ray oscilloscope, thus permitting observation 
o? the individual pulses, For various voltages on the central elec- 
trode the variation in pulse height could be used to ascertain the tube 
amplification - the basic reference being the pulse height when the 
voltage waa so low هه‎ bo ¿ingurs tha counter operation in the ienization 
region (sanlification in the counter being ni ay this point). 
Actually a slight deviation from this procedure was used, The attenu- 
ation contrel on the linear »mplifier is uceurstely calibrated, and 
the amplifiestion of the counter tube wes dctermined by the amount 
of attenuation required te keep the pulse height ths same us the 
reference. 

The procedurewas carried out at virious fas pressures varying in 
steps of 50 millimeters of mercury, from 50 ms bo 250 mm Uiffi- 
culties initially were encountered in obtaining reproducible data 
for various calibration runs at the same pressures. It wes deter- 
mined thet this wes due to lack of cara in seeurate adiustment of 
gus pereentages in the filling process, and te the Leakage of some 
variable ameunts of air, "th ali possible care end precautions to 
maintain constancy in gas quality, the results improved. A consistent 


set of results was finally obtained, und ia plotted in ‘igure 7. 





in order te assure ourselves thet the counter «311 operste suc- 
cessfully and to check some of the practic: «snecte of its cperwtion, 
a dieerisänstien curve was obtained by taking counts on the polonium 
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sample mentioned above, The data for this is tabulsted in Teble VIIL; 
and the results tre indicated in Figure 8. It is seen that a یج‎ 
plotesu ie obteined, within the limitetiens of statistics] variations. 
“he dropoing off of the counting rate at the extremely high pulse 
heights is due nertiy to normal alpha oorticle straggling but more 

to the self-absorption of the semple fils. 


¿he strength of thie source is somonted 2s a metter of interest: 





solid angie subtended by entrance‏ = ار 
port,‏ 
1/2580 = 
n = umber of alphe particles per‏ 


disintegration , 
7 le. 


Substituting this data in the above equation we find that the 


activity on the date meseured (14 Xay 195.) ma 12,3 —* 





frem the Van da Graaff “enerticre 
Several attempts have been mede Lo use proteps from the Van de Graeff 
generator te induce a proten-alshe roaction in tne apparatus, using 


fluorine (in the form of Taf, obtained by the reaction of hydro- 


5 
fluorie acid with a tantelum target disc) ود‎ the target element. 

These attemnts kive rot been conclusive and the data from seme is 
not included. The most troublesome phenomenon to interfere is the 
pick-up by the instrument of any neur-by sparks or sudden voltage 


changes, Due to sn inherent capacity existing between the Taradsy 
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caga section and the central eleciroda all sudden voltage ensnges 

ocensioned by candenser dischurges in the integrator are counted as 
felrly heavy pulses - 
A grounded shield between the Faraday cigs and the counter section 


parable to alpha perticle »ulses in size, 





is indicated sa necessary. Further improvere.ts alonr tiese lines 
must be made before geod quentitativa data can be obtained from ihe 
instrument for trat type of experiment in which the counter and the 
Van de Graaff goneretor operate simultaneously. 











Future Improvenerts of the Intrument should procesd along the following 
línes: 

(a) All internal valvos should be replaced with the bellows tyne 
nesdlo veélve which will hold ^ good vacuum on eliher side, 

(b) Lucite parte should be replaced by glass wherever possible, 
because lucite does release slignt ameunts cf gas, ard alse is net 
suitable for places where 1L sust undergo 4 stress, 

(ο) The electrostatic shislding between Faradsy cage and counter 
(mentioned above) must he provided. 

(d) 411 flexible hosing should be speoifically designed for 
vacuum work. 

(e) Thorough tests should be carried out using known reactiens 
until consistently successful results are obtained, These Lasts 


should be under a vsriety of conditions of yas pressures, 








en غرست ام بي اس‎ — — — 
ER, We dw mem cs ملا هو‎ 


























lo. alors 
Density — 
Pot. 0 per at 
| At. "gt. — zn 
| | ' . 69 X 
Tlement, | : 
y 2.69 x 16 
23 
^ = 4915 x LO 
. 5,85 g = 
34 8. 
ki 28 5 i 
63.5 
29 
Cu 





Table ii. 


Computation of Stoppine Power e? »ickel «rd 90-10 'rgon-70, "ixture 
for Aloha Particles and Protons. 




















73۷ ( 5 3 
(x1907^7) 15 Gas 
3 37.5 1.32 1.23 49.5 46.1 4520 1.24 
oh 40.8 1.27 1.28 55.9 52.2 5100 1.40 
5 43.0 1.41 1.31 60.6 $6.3 55% 1.51 
" Ahe T 1.46 1.34 65.2 59.9 595% 1.61 
a? 45.9 1.49 1.37 τι 62.9 6240 1.69 
.8 Lbs 1.51 1.40 70.4 65.2 6430 1.75 
9 47.0 1.55 1.42 72.8 66.7 6650 1.79 
1.0 47.0 1.89 1.45 74,7 $8.1 6880 1.53 
1.2 45.5 1.64 1.50 74.6 68.3 6910 1.4 
1.4 42.1 1.70 1.54 71.6 64.8 0 1.74 
1.6 39,0 1.75 1.97 68.2 61.2 82% 1.65 
1.8 36.8 1.80 1.62 66,2 59.6 6050 1.60 
2. 34. 5 1.85 1.67 63,8 57.6 0 we DS 
2.5 20.8 1.96 1.75 BA 52.1 5339 Led 
3.0 26.4 2.06 1.80 54.4 47.5 4960 1.28 
3.5 25.8 2.15 1.85 51.2 440 46 1.18 
ما‎ 21.8 2.23 1.89 44.6 41.2 440 1.11 
5.0 18.8 2.35 1.94 44,7 236.5 4030 901 
6.0 16.4 2,43 1.97 39.8 32.3 3630 . 269 
2,0 13.2 2.53 2.0 33.7 26. 3080 «715 
10.0 11,2 2.60 2.02 29.4 2,8 26% .613 
De Protons, 
«3 13.0 1.64 1.50 21.3 19.5 1950 .525 
ο 6.25 1.95 1.07 δι 14.80 13% «293 
ν᾽ 6.90 2.02 1.78 13.9 12,3 1270 e231 
یڈ‎ Sakk 2.23 1.09 12.1 3 1110 277 
Led 4.30 2.40 1.96 10.3 6.43 4a 22 
2, 3.25 2.55 2.00 £.22 6.50 7% .175 
و‎ 1,65 2.74 2.04 4.52 3.36 612 0605 
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Table 11] 


Theoretical euleui»tions for stepping power of nickel fer alpha 
perticlas snad protons. 


a/a = AMEN y 


ده 


B = هذ عب‎ )22/1(, Whare Zupp © 26,4 and i = 395. 


Putting in constants, snd changlug energy units to Nev, ons obtains: 


m s 358 B/* for alphs srtícles . 
22,4 B/ZL for urotons . 


5 4 26.4 im (1.675 ^) for alpiw particies . 
26.4 1n (6.70 E ) for protons. 











E (Mer) R B, -(dz/dx) به‎ -(du/dx). 
13.6 50,2 L270 1120 
31.9 68.5 5710 767 
56.0 2.7 4010 415 
Teh 111,0 2660 249 
25.0 2030 
92,6 1660 








Calculations for Inergy Loes for : luha Particles Threugh Mickel Foil 
ef Thickness 6.00005" ( = „000127 am), ᾿ 








E (lev) ¿das (dev/cm) _ bx for i/iU^g A. iL ۳4 
20 1560 0221ء‎ ai 
15 2030 03258 . 26 
2 5430 „3740 2 
1 6320 . 0866 » 70 
«9 6659 ‚0645 .δ6 
.B 6430 0016 .63 
7 6240 00792 . 33 
6 29 59 «0755 «23 
.5 5530 0702 Almost «ll 
«ὦ, 5100 O647 tr و‎ 
.3 4520 00575 ۱ 


Calculations for 


fnerfy Loss οὗ Protons through Sickel Voil, 


5.0 412 200523 4120525 
2,0 750 005 52 0056 
1.4 942 01197 .121 
1,0 1110 01.410 .145 
a 1270 فان‎ .175 
.5 1500 .01904 eS 
ok 1695 ۱۱10ء‎ vest 
.> 1950 024,75 àlmogt all 
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Tablo Y. 


Energy loss of protons passing threugh 1.75 cm of filling gas 
(SO rgon - 10/00.) ε 





Ev) nergy loss/ om. Loss for Pressure [nargy 





1,75 cm. (άπ) 

.3 . 9485 918 50 .Q604, 
ما‎ 6 
«7 . 378 او‎ 59 0450 
150 «0917 
159 .1375 
7 «331 . 30 20381 
100 ¿0762 
15) «1.42 
250 «1904 
1.0 «ἘΝῚ NL E »2319 
100 0638 
i50 7 

20 27 
250 +1596 
22. «1914 

350 ATS 
1.4 227 ۰37 راو‎ 61 
150 ο) 
220 «1045 

1304 . روج 
0 3900 
0ء 352 

400 . 209 

5 m 
2.0 .175 «306 52 ‚ORUL 
109 9 
150 MOL 

ax) QUOS 
2۹0 Loe 
320 «1219 

25) «1411 
49 .1611 

500 201 
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Table VI. 


Caleulntion of standard deviations in energy losses in 1.75 cm ef 
filling gas ard in foil (.00005" nickel) plus filling gas. 


2 è i es 
مق تھے کر‎ 
Δ 


2 . 
Por nickel fot1 2  .84 x 107* (uev)? 


For filling gas ya” = 2.2 x 10 X Paün “می‎ 
— 0 6ت‎ A ۸ 9 
BA) ass Tet — li 

50 145 x 107^  .99 & 107^ رمه‎ „ol 
100 .29 1.13 095 ‚aı 
150 t^ 1.27 ‚0965 ‚oil 
200 58 1.42 0015 012 
490 ۰:2 1.56 0375 .0125 
300 87 ἂν Τὰ ‚2093 „013 
350 1.01 1.35 LO 0 
400 1,16 2.00 011 O14 
500' 1,45 2.29 ¿OL „DIS 


Note: (1) Values calculated are considered te be quíte asproxim.te. 
(2) Values ore theoretically independent of ¡eriicle velocity. 








Range values in parentheses sro derived ‘rom the ratio ۸8 





Range(em) # 





1.0 
1.72 
2.6 
+. 
7.54 

(19, 5) 

(13.7) 

(23.0) 

(34.0) 





E (Mew) Hange by Foremla 


02 

23 
1,0 
2.0 
4.0 
2.3 
7 
10.0 
16.0 
20.0 


10.7 
19,5 
34. 2 


References: 


Far " 


۳ 
1.38 
2.25 
5 
740 

10.25 
13.8 
23.0 
34.0 


Pormula: δ + .20 (em) 
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* (13), (24). 
* (3) 
LEA (8) 
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Bavio R, Mair 


T 
1.16 
1.09 
1.909€ 


1.03(assumoed) 
1,00 » 


1.90 
1.00 
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ef range of protons and alpha particles in srgen (NTP). 
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This data is plotted in Figure 3. 


the range ef nrobable error, 


Vertical bers in the figure cover 


Liseriminstion Counts Seconds Cmmts/lin. Probable Error 
38 0 
36 12 60 12 37 
34, 256 4s 320 11 
32 512 51.5 597 16 
30 1024 87.0 707 18 
27.5 1024 87.9 799 18 
25 1024 77 دام‎ 797 15 
22,5 1924 73.1 241 15 
20 LOK 75.7 812 19 
17.5 1024 76.5 #04, 19 
15 1924 74.8 822 19 
12.5 1024 62.5 898 20 
10 1024 73.9 £32 19 
1.5 1054, Pal δέκ 20 
5 1024 74.2 823 19 
2.5 1024 70.1. 277 20 
0 1024 1,2 51200 
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